1.
The investigation during the first year of this Contract covered four major areas: 
REASSESSMNT OF INFANT RABBIT COLONIZATION MODEL:
Our efforts to demonstrate bacterial colonization ability (adherence) and growth using an infant rabbit -mdel involved a number of different approaches.
a.
Intubation or Surgical Implantation of Relatively Numbers of Organisms (105 _ 106 cfu/ml): After 6 hours, animals are sacrificed and a significant increase in numbers (2 to 3 logs) is taken as indicative of adherence and growth in the small bowel.
The results shown on Table 1 indicate that all three strains tested could "colonize" under these conditions.
b. Intubation or Surgical Implantation of a Large Inoculum
(5 X 108 -10 9cfu/ml). Following six hours of incubation,the animals small bowel is examined for maintenance of a large number of o rganisms which should be indicative of enhanced "sticking ability" (Table 2) .
Under these test conditions we could not discriminate between human strains with and without colonizing ability. Alternatively, all strains examined have colonizing abJilcy.
c. Direct Inoculation into Ligated Loops of Small Bowel: While this method is more artificial than those described above, personal communication has suggested other laboratories use this method. The results,as shown on Table 3 , revealed that the ligated loop tends to support growth of 334, 1111A ind fhe plasmid-free derivative 334LL.
Strain TD 4 2 7 C 2 appears not to grow tnder these condition!.
d. 18 hr. Assays Employing Relatively Low Inoculum (5 x 10 6cfu/ml):
The results shown on Table 4 indicate that both toxigenic and non-toxigenic control strains were able to maintain themselves at approximatley input levels. The rough R. colt K12, atrain J5,was consistently found to undergo a dramatic loss while strain RDEC-I, a rabbit pathogen recently described by Cantey & Blake (J.I.D. 135:454-462, 1977) increased in numbers by approximately I log during the majority of these assays.
e. Suckling mice 2day and 7 day-old) and suckling rats were also tested and found to support growth of both control and human pathogenic strains. We presume this growth is intraluminal as apposed to the human case where multiplication occurs specifically on the mucosal surface.
Conclusions:
After exploring this model under a variety of procedural changes, we strongly feel that the infant rabbit small bowel is not physiologically suited for use in discriminating between colonizing and non-colonizing strains of toxigenic E. coli of human origen. Therefore, w•e have turned our attention to the utilization of human buccal mucosal cells for an adherence assay.
I I * to 37C., Upon recooling, the HA reaction was again observed, suggesting a temperature-dependant reversable equilibrium rather than an irreversable process occurred.
For the preparation of specific pili E. coli 334 was grown overnight on peptone agar and was harvested and washed twice in saline. The washed cells were treated in a blender for 3 minutes using short bursts and.
cooling with ice to prevent heat denaturation. The intact cells and. cellular debris were removed by centrifugation (10,000 RPM for 10 a/n) and the supernatant containing pili which had been sheared off was mixed with washed gtiinea pig erythrocytes in PBS containing 1% mannose and incubated 15 minutes in ý:nd (ice bath). The red cells which should have attached specific pili, but not common fimbriae, were washed with PBS + mannose, incubating 5 minutes in ice between each centrifugat 4 .on. The supernatants were termed PBS-manrose 1 through 3 and their protein concentrations were. determined (OD 28O) which is shown in Table 7 . The specific pili were then eluted from the red blood cell surface by raising the temperature. The first
6.
two PBS washes were each incubated for 5 minutes at 37C, then the temperature of the 5 minute incubation was increased to 45C for PBS fraction 3 and to 55C for PBS fraction 4. At the higher temperatures some heolysis was noted. This procedure is summarized in Figure 1 .
These preparations, containing specific pili, were then used to establish purification conditions. Ultracentrifugation techniques (Table 8 ) took the form of gradually increasing the centrifugation time while quantitating the amount of sedimented protein.
The 50Ti rotor operating at 45,000 RPM (max force 183,000 xg) was used throughout these experiments.
In Table 8 The ability to isolate a specific pili will allow us to make a specific antiserum.
b. Characterization of specific pili: The availability of this purified E. coli HA receptor has allowed us to begin physio-chemical characterization.
The molecular weights of the isolated pili preparations are being determined using sodium dodecyl sulfate polyacrylamide gel electrophoresis.
As isolated by the methods described above the purified pili or fraction P6S 1 contains two polypeptide chains,both witl, molecular weights less thanl5,000. which has been ultracentrifuged (183,00 xg) for 2,4 and 6 hours consecutively. Thus,indicating that ulcra entrifugation was not sedlamnting all of the specific pill protein which has been eluted/desorbed from the red cell surface.
c. Antisera: We have used t is pill preparation from E. coli 334 as well as the intact organism to prepair specific rabbit antisera. This specific antisera has then been used to examine the antigenic surface structures of various toxigenic E. !coll strains and their derivatives.
These data are summarized in Table 9 .
As can be seen strain 193-4 which shows binding t+he buccal cells also gives a positive reaction (agglutination) with either antisera against 334 or 334 pill. This strain also agglutinates guinea pig red blood cells in the cold and in the presence of mannose, which suggests that a common antigenic site is present in both these strains and is responsibl2 for the sHA of guinea pig red blood cells. Initial results with the buccal cell adhesion assay indicate that these strains also share the characteristic of binding to human epithelial cells, The anti pill antiserum shows the HA reaction. We feel that the presence of an antigenic determinant(s), common to a number of strains, which are responsible for colonization, is of great significance in screening potentially toxigenic E. coli isolated from food and cases of human diarrhea.
We have been able to find a derivative of 334 ST /LT+, called 334LL
ST LT HA which is missing all six of the plasmid species present in 334 X ( Figure 2 ). rhe lack of reactioni of 334LL, and 334-37 with both 334 and pili specific anterisera suggest either that;l) the pill have been a major antgen; or 2) the loss of plasmids produces major changes in the surface structure. This will be clarified when our stock 0, H, and K typing sera is complete and we can clarify the role of these antigens in the original --s.
strains and derivatives.
9.
SECTION 4.
BUCCAL CELL ASSAY
We have continued to ev.luate various assay methods to measure the ability of E. coli isolates to attach to intestinal mucosal epithelium.
We have tested this in tissues of guinea pigs, rats, and rabbit3 without consistant positive results. However, using human buccal epithelial tissue we have been able to measure the attachment and consistently discern significaci: differences in binding ability between certain of the E. coli strains in our collection.
The adherence system is attractive since it uses human cells against human pathogens -the homologous system. Also, the buccal cells are easy to obtain, and have certain similarities with the gastrointestinal mucosa.
The major pxrt of this work has involved human buccal mucosa obtained from volunteers.
We also plan to develop assays similar to those This method is, therefoce, mst suitable fl:-studying gross changes in binding capability with a small number of strains. We feel strongly encouraged that this method directly shows the attachment of E. coli pathogenic for humans to human buccal epithelial cells (Table 10) . The binding of E. colt 334 to human buccal cel ; decreases with extended incubatinn times and is reduced by growth in the presence of glucose which also abolishes pili formation and the agglutination of guinea pig red blood cells in the presence of mannose at 4C, as has been discussed in previous progress reports.
We have modified thit basic assay system to measure the binding of radioactively labelled E. colt to the buccal cells. The first method atterpted used direct counting of the pelleted material following separation of the buccal cells with adherent bacteria and free bacteria by low speed centrifugation (Table 11) . Because the relative fraction of bacteria found to the buccAl cells is typically low &nd high levels of bacteria (ca 109 bacteria/ml) are used, the lack of complete separation o0 free and attached bacteris limits this assay to relatively high levels of binding. The major problem with this assay involves .
1U.
formation of aggregates by bacteria along (see E. coli 193-4, Table 11 ).
These aggregates are then packed together by centrifugation and tend to remain clumped throughout furt.aer washing procedures.
In order to solve these problems, we have recently begun to monitor binding using a Nucleopore filtration rethod (Table 12 ). The filters used (8 V Nucleopore) have a large pore size combined wý.i inherently low surface-adsorptive properties so that there is a lower background level of non-specific binding of bacteria to the filters. The filter assay should allow us to pursue kinetic studies and appears to be a potentially satisfactory system. " Only the proximal 15 cm. of tisskta were examined. 3.9 x 106 2.0 x 106 3.9 x 106 2.2 x 105 6 6 3.9 x 10 1.4 x 10 6 5 3.9 x 10 3.8 x 10
15.
A11 auimals received their challenge dose by stomach intubation under light ether anesthesia.
2 Entire small intestine excised, homogenized, diluced, and plated in 1!acConkey agar for total viable bacterial counts. Human buccal cells were collectcd by scraping and washinA five times. Bacteria were labeled by j;rowth in the presence uf 3 11-labeled anino acids. The mixture was incubated for 15 minutes at 37 0 C and buccal cells and attached bacteria were removed by loy speed centrifugacion. After five washes, the pelleted material was counted in a liquid scintillation counter using Aquasol-2.
30. with human buccal cells, samples of 0.5 m. were filtered and washed twice with 5 ml of phosphate buffered saline. CPM bacteria bound was calculated from the difference between the CPM on the filter with and without mucosal cells.
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